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Abstract—This paper presents a classical controller with 
parameters adaptation capability, in an automatic way. This 
controller is based on a PID where a parameters adaptation 
algorithm is used and applied to the switched reluctance motor 
(SRM) speed control. This PID design do not require any kind 
of adjustment or calibration from the operator. The 
parameters adaptation algorithm implemented is based on one 
fuzzy system with a Takagi-Sugeno inference mechanism with 
some simplifications. These simplifications had the goal to 
select the parameters adaptation algorithm contributing for a 
fast controller response. The developed adaptive PID 
algorithm was modelled and simulated. 
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I.  INTRODUCTION 
The PID controller is heavily used in the control loops of 
industrial processes but its parameters need to be tuned for a 
smooth operation. These parameters are dependent of the 
control process variables that remain unchanged during its 
regular activity. The start up of the PID controller is not 
always a simple work in the parameters adjustment, besides 
the existence of some methodologies [1]. Despite the helpful 
of these methodologies in the approached parameters values 
calculation, is however necessary an observation period to 
survey with greater certainty the controller performance, 
which requires, in some cases, a substantial amount of time. 
In the classical speed control of electrical machines it is 
usual to have one linear PID controller. This kind of 
controller can present a good result near one operating point, 
where the machine can be considered as a linear system. 
However, it has some limitations if it is planed to be used in 
a wide working region. More complex cases exist due to 
their particularities, where the system under control is non 
linear, like the switched reluctance motor (SRM) that 
compromise the PID controller performance.  
These two problems above referred, tuning parameters 
and the behaviour of the controller, are interconnected and 
attracted the attention of many researchers. In the literature, 
some works, to solve these drawbacks, have been proposed. 
These drawbacks are difficult to solve with conventional 
control techniques due to the complexity of modeling the 
SRM dynamics. Some examples are the application of 
variable structure controller [2], “intelligent” controllers 
using fuzzy logic and neural networks [3,4] and hybrid 
system [5, 6 and 7]. Several of these proposals require 
high processing power to perform the necessary 
calculation matrix which demand a more expensive 
controller’s hardware.  
One way to solve this problem is based on the gain 
scheduling technique. However some know how of the 
process is needed to define the gain matrix to schedule it for 
each SRM functioning regimen.  
Another way is based on the adaptive gain of the PID 
speed controller and it is presented in this paper. This 
proposal contributes to reduce or even to prevent the already 
referred problems. For this purpose, basically, it is necessary 
to understand the mathematical model of SRM (section II), 
to present the adaptive controller design (section III and IV) 
and to present the simulation results and analyze the 
behaviour of the speed control system (section V).  
 
II. MATHEMATICAL MODEL OF SRM 
 
The SRM model is considered complex due to its 
magnetic circuit non linearity. The SRM electrical equations 
of one phase can be expressed as:  
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where the influence of the mutual flux was neglected and  Vk 
is the phase voltage, ik is the phase current, R is the 
resistance per phase, k is the active phase and λk (θ, ik) is the 
phase linkage flux. Using the chain rule, (1) can be rewritten 
as: 
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The torque developed by one excited phase is determined 
by the variation of the magnetic co-energy produced in its 
magnetic circuit in order to the variation of the position and 
it is expressed in (3). 
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The magnetic co-energy is characterized by the following 
expression (4). 
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III. THE PROPOSED SPEED CONTROLLER  
The block diagram of the proposed speed controller 
system with the converter and the 8/6 switched reluctance 
motor is presented in Fig 1. The used  PID controller with 
all the function block delimited by the dashed square, is in 
discrete time domain with a sample time of 200 μs. This 
PID is characterized by the following equation (5).  
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Where ek and ek-1 are the speed error of the system 
response in the k and k-1 instant, respectively. The 
parameters of the controller are kpk, kik and are modified by 
an algorithm which is represented by the adaptation block in 
figure 1. The parameter kd is unitary and was kept constant.  
The output of the PID algorithm is given by uk, and it is 
used in different ways by the two next blocks. The first 
Figure 1 - Block diagram of the SRM speed control system 
block (|Uk|), converts the PID output in absolute values 
which is used as signal reference for the duty cycle output in 
the PWM block. The |Uk| block is implemented with two 
saturation values due the limitation of the PWM. The second 
one gives the signal of uk and it is used to select a sequence 
of phases (phase’s sequence block). In other words the 
magnitude of uk is, indirectly, the pretended torque value 
and the signal of uk is to determine the signal of the 
electromagnetic torque developed on the machine. The 
signal of the torque is obtained by the selection of the 
phases sequence presented in table I.    
 
TABLE I 
TORQUE SIGNAL PRODUCED AND RESPECTIVE PHASES TO EXCITE  
Angle (º) 0º to 15º 15º to 30º 30º to 45º 45º to 60º
Positive Torque Phase 4 Phase 3 Phase 2 Phase 1 
Negative Torque Phase 1 Phase 4 Phase 3 Phase 2 
 
IV. ADAPTIVE ALGORITHM  
The considered adaptive algorithm intends to have the 
advantage of simplicity and to be implemented with few 
processing resources when compared with “intelligent” or 
hybrid systems. The question related with the processing 
time is very important because it limits the quickness of the 
control signal, the quickness of the controller parameters 
adaptation and consequently it limits the set performance 
and behaviour in the reference signal tracking. 
The adaptive algorithm is inspired in a Tagaki-Sugeno 
fuzzy system [8], with some simplifications.  
In this type of fuzzy system, the condition part uses 
linguistic variables and the conclusion part is represented by 
a mathematical function. The proposed system has four 
conditions and two distinct conclusions and it is 
characterized by one universe of discourse, which is the 
speed error percentage, Pek. The Pek is defined by (6), where 
wrefk  is the speed reference and wk is the speed in the k 
instant. 
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The distribution of the four rectangular membership 
function of the fuzzy system proposed is shown in figure 2.  
The membership functions n = {1, 4} activate the 
consequent part given by the expression (7). When the error 
percentage is lower than -40 or greater than 40 the Kpk 
parameter value is actualized. 
 
nkk
kkk Ts
ee
eKKpKp μϑ.).( 111 −−
−
++=    (7) 
The membership functions n = {2, 3} activate the 
consequent part given by the expression (8). When the error 
percentage is in the interval ]-30, -10 ] or [ 10, 30[  the Kik 
parameter value is actualized. 
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In expressions (7) and (8) ek and ek-1 are the error values 
in the instant k and k-1, respectively. μn is the strength 
activation of the adaptation function of the membership 
function n. The dynamics of the adaptation parameter is 
controlled by the constants K1 and K2 that change the 
relation between the error value in the instant k and its 
derivative term. The proportionality factor ϑ is loaded 
initially with a value between 0 and 1 and will remain 
constant during the system functioning. The value of this 
factor is important because it will influence the range of the 
adaptation parameter. 
The error value in the instant k is defined by (9).  
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Depending on the activation of the membership function 
in the instant k and the dynamics of the error signal value, 
the parameters values Kpk or Kik can be increased, decreased 
or stabilized.  
The strength activation, μn, of the membership function 
assumes the value 0 or 1 due to the use of rectangular 
membership function and this implies the operation of the 
adaptation algorithm (7) and/or (8) in order to maintain or 
change the parameters values.   
V. SIMULATION RESULTS 
 
This controller, with parameter adaptation, was simulated 
in Matlab Simulink environment. All the models shown in 
the block diagram in figure 1 were developed. The SRM 
model is not linear and is based on lookup tables functions 
with the static torque characteristic and electromagnetic 
characteristic. These characteristics were obtained 
experimentally and have been tested and applied in several 
studies developed by the authors [9, 10 and 11]. The 
converter model is based on the two power switches 
topology per SRM phase and the command developed in the 
phase’s sequence block is prepared to apply the 
functionality of the four quadrant operation. The block θ/ w 
converts the position information given by the encoder in 
speed value. This output block is time sampled dependent. 
The goal is to provide the type and form of the signal that 
usually the digital signal controllers for motor control deal. 
The simulation results of the system, when it was imposed 
a rectangular signal of speed reference, are presented in 
figure 3. The reference speed has two levels, one at 300 
RPM and another at 1200 RPM. In figure 3 it is presented 
the behaviour of the system, where on the third adaptation 
cycle no overshoot is verified. 
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Figure 3 Speed response of the system to reference signal.. 
The error analysis on the third cycle of the 300 rpm and 
1200 rpm steady state is done through the MPE and the 
MAPE. It consists in the calculation of the error percentage 
average (MPE - mean percentage error) and the average of 
the absolute values of the error percentage (MAPE- mean 
absolute percentage error) expressed in (10) and (11), 
respectively.  
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Figure 2 - Distribution and type of membership functions 
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The calculated values are presented in table 2, to 
highlight the effectiveness of the adaptation algorithm. It is 
evident that the performance presented for the 1200 rpm 
steady state is the best. 
Table 2- Speed Error Calculation 
 
It is also presented in figure 4 the evolution of the PID 
parameters Kpk and Kik registered in the output of the 
adaptation block, for the case of figure 3.  
Figure 4 Evolution of the PID parameters. 
 
VI. CONCLUSIONS 
This work presents a PID controller with a parameter 
adaptive algorithm and its performance on a four phases 
switched reluctance motor (SRM) speed control system.. 
The controller has one input, based on the speed machine 
and two outputs, the signal of the torque and the duty cycle 
value. For the parameters adaptation one fuzzy system with 
a Takagi-Sugeno inference mechanism was chosen and 
some simplification of this algorithm system was 
implemented and verified in the simulation.  
The main advantage of the presented system is that it does 
not need any kind of adjustment or PID calibration. It has 
the advantage of the adaptive systems, quickly 
compensating the disturbances that can appear in the system 
control functioning. 
The major drawback is the adaptation dynamic, which 
must be adjusted through K1 e K2 and remains unchanged. 
The adaptive algorithm that is demonstrated in this work 
is quite simple, robust and converges quickly. The limitation 
of the memberships are in >+30% and <-30% for the Kpk 
and [+40%, +10%] to [-10%, -40%] for the Kik values. 
These memberships’ limits values had given the best 
simulation response results. It is observed that the PI 
parameters depend on the evolution of the error value and 
the adaptation factor value. It was used two kinds of error 
measures analysis, the MPE and the MAPE, and it was 
verified a good behaviour of the system. 
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